Efficient generation of spatially delocalised entangled states is at the heart of quantum information science. Generally, flying qubits are proposed for long range entangling interactions, however here we introduce a bus-mediated alternative for this task. Our scheme permits efficient and flexible generation of deterministic two-qubit operator measurements and has links to the important concepts of mode-entanglement and repeat-until-success protocols. Importantly, unlike flying qubit protocols, our bus particle never contains information about the individual quantum states of the particles, hence is information-free.
INTRODUCTION
Recent research into quantum information and computation has not only spawned a number of architecture proposals for quantum computation (QC), but also proposals for useful technologies based on smaller, entangled quantum systems. Quantum key distribution, (1) quantum dense coding (2) and the improvement of frequency standards using entangled systems (3) are strong examples of how highly entangled states can be exploited to build novel devices: The incorporation of such entangled-state protocols with existing micro-and nano-scale fabrication is an enormous opportunity for the semiconductor industry.
The development of viable quantum computers and preparation of effective multi-qubit entangled states depends crucially on transport protocols that can be used to shuttle quantum information and to allow for interactions between isolated qubits. Effective transport of quantum information is essential to the scaling of small, functional elements, and will enable an interpolation between small scale devices and fullblown, massively entangled quantum computers. In the solid-state, inevitable fabrication errors also enforce the need for defect-tolerant methodologies, and transport allows for natural mechanisms to incorporate such features.
Ion traps (4, 5) and photonic based quantum computers (6) generally allow for easy and quick long range qubit transport. On the other hand, solid-state architectures (7) (8) (9) (10) (11) (12) (13) are often limited to nearest neighbour interactions on a linear array of qubits, leading to several problems: For example, qubit transport in linear systems is generally proposed using SWAP operations which reduce the threshold for concatenated error correction and unless modifications to the underlying architecture are made, such schemes are not Fault-Tolerant. (14) The concept of flying qubits and quantum bus systems has received significant attention (15) (16) (17) (18) (19) as a means to combat the problem of long range transport in systems that do not exhibit them naturally. Bose introduced quantum state transfer via unmodulated spin chains, (20) while teleportation hubs (21) have been proposed to combat long range transport in linear systems. However, these transport hubs do not remove the need for SWAP gates between qubits not adjacent to hubs and generally do not allow small multi-qubit state preparation without considerable resource overhead. Here, we show a transport protocol that mediates entangling operations between isolated data qubits, without communicating singlequbit states directly. We show that this scheme is extremely flexible and efficient in generating multi-qubit entangled states and operates in a fundamentally different fashion from conventional gate-driven entangling operations. Furthermore, the flexibility of our scheme relaxes some of the requirements for controllability, and hence could be an enabler for new approaches to quantum computing.
Along with flying qubit schemes and quantum bus systems, interactions on well isolated data qubits can be achieved using measurement based quantum computation. The two main concepts are teleportation based QC (TQC) (22) (23) (24) (25) and cluster state QC (CSQC). (26, 27) These ideas differ significantly from the traditional circuit based paradigm in that interactions are not performed using unitary gates. TQC uses correlated multi-qubit measurements and appropriate ancilla states to perform operations via teleportation. CSQC requires an initial, highly entangled,
